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WILHELMINA IWANOWSKA. 


Wyznaczenie funkcji rozkładu prędkości pewnej grupy 
gwiazd. 


On the frequency -function of the peculiar velocities of 
a group of stars. 


(Komunikat zgłoszony przez czł. Wł. Dziewulskiego na posiedzeniu w dniu 19.VI.31). 
Introduction. 


The matter of this paper is an attempt to find a frequency - 
function for the distribution of the peculiar motions of a group of 
stars with known parallaxes, proper motions and radial velocities. 
Although for a statistical investigation the abundance of the examined 
material is of great importance, 1 have confined myself to the study 
of the stars of late spectral types brighter than 370 abs. in order to 
obtain a more homogeneous material, since these stars, as is evident 
from a former paper!), do not show appreciable differences in their 
‚ motion relative to the sun and can be regarded as a connected group. 
Moreover, they represent ihe most numerous group of this kind, the 
stars of any other types or absolute magnitudes showing considerable 
relative motions. The number of collected stars is 910. 

To the velocity-components of these stars was applied the 
ellipsoidal frequency -function: - 

F (x.y, z) = СОЕ (A,x* + А.у? + 442? + 2В,уг + 2В,гх + 2В,ху) 

The coefficients of the function were determined according to a method 
given by Prof. W. Lziewulski*). The results obtained are as follows, 
The directions of three principal axes of the velocity -ellipsoid ex- 


1) Bulletin de l'Observatoire Astronomique de Wilno, Nr. 9. 
2) W. Dziewulski. On the determination of the vertex from the motus 
peculiares of stars. Bulletin de l'Académie des Sciences de Cracovie. 1916. 
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pressed in galactic coordinates (the galactic pole being «= 1915 1 
б---- 26°8 and 1 = 0° in the ascending node): 


a-axis: 1 = 358,8 b 
b-axis: 1 = 69,6 b= + 12,2 
c-axis: J| == 24195 b 
The ratios of the semiaxes are: 
ІШЕ = (ОЛ) € == Q9. 


During the computations I noticed that the velocity-vectors are 
asymmetrically distributed around the centre. The amount of this 
asymmetry can be estimated from the graphical representation of the 
distributions of components of the velocity as given in figures I, 
2 and 3. The principal axes of the ellipsoid are taken as the axes 
of coordinates. The general character of the distribution shows that 
in the first approximation it may be considered as ellipsoidal (diffe- 
rent dispersions on the three axes). But the obvious asymmetry, 
especially on the €-axis (the great axis of the ellipsoid) suggests 
a frequency-function composed of two ellipsoidal ones. To determine 
them a method of decomposition of a frequency-function of three 
variables into two ellipsoidal functions has been developed, being 
a generalization of the similar methods of C. V. L. Charlier and 
other writers. 


Part I. (Theory) 


Dissection of the frequency - function of three variates into 
two ellipsoidal distributions. 


1. Let 6, 5, 6 be the coordinates in any rectangular system and 
let F (ё, 7, 2) represent their frequency - function. The moment of ijk 
index about the point (És, 46, bo) is the integral: 


+ œ ; 
Nik = fff. (& — Bo)’ (п — Mo)! (5 — ШЕР ($, m, 6) dź dy dC. 


Arranging the moments according to the indices, we obtain following table: 


The moments of the 0 — order: A. 
5 Л тә Ізі EE 
D » » » i nd Gio p Мез Ми» My Nis Ni , Niko 
” » » » 3 EC rd Ш ` VEN INS Nio NM NIME N, 0» 
NM H УИ, H Nar: H Nin y 
2 " жа ІІ ММ ү» 


ee E = 


For every point N,,==/. The moments of the first order about the 
point (0,0,0) are the means of ć,y,ć, or, what is the same thing, 
the coordinates of the centre of distribution in the system considered; 
we denote them by a, b, с. 


- 

а == № = fff &F (5.5) didn di 
- CJ 
+a 

D= Noa = M aF CpI BER 
— 0 


+o 
c = Ny = fff CF (€ t) Жаа 
09 


The moments about the point (a, b, с) are called the central moments; 
let us denote them by Myy. 


+ о 
Ма = fff (&—ay (q—B) (ek F (5,9) dë ат 46. 
-- co 
It follows from the definition that A. = 1, Mig = Moy = My, = 0. 


If the moments Аҙ, about a given point (Ga, fios Gol are known, 
we can compute them for any other point (E 7,4). It can be 
effected by the substitution: 

кслс =  — 8, E (& — 61) 
nee О (реа Me (йу 1) 
$$ = (© — bal + (66 — 6) 


+ oo 
We obtain e. g.: Myo. == fff (6-6) FG, 7, 5) d$ dy @ = 
Te н н 4 A 
= fff NE — &) + (ê, — 8] F (65,0) di dy dz = 


үа +o 
= fff (&— &) F dé dy dt + (6, —6,) ff F dt dą dt = 


== Mu + (6-4). 
Similarly: Aan = Noo + (io — m) 
Мо = Noor + (to — 4) 
Noo = Nooo + 2 (69 — 64) Моо k (& — 61)”. etc. 
It is easily seen that the moments in a new system of coordi- 
nates x, у, 2 correlated with the old ones by the equations: 
Әр = P м sr % © 
J Ee ШЕЛ Vine 
2 == A É == py | GC Web 


| 


= A 


may be expressed by the moments in the old system 5,4,0 (Ni; ) 
about the same point, From 


+o 
Na fff © ye” F ажалдаға = 
+ о 
= fff Q4&-F р Fv QoS + рот H әс) (Ag pan valk Р dt dn dt 


we find: 
N" i00 = № Nioo + pa Noro -H Уі Моо, 
№ оо = Aa Моо + р» Noro - Ya Moor 
N' оо = Ag Nioo + Ges Noro + Уз Voor 
Noo = X: Nooo + М Шо ve Nooa + 294v, Mon -- 
+ 25,5 Ni + 2p, М etc. 
These results will be required later. 


2. Returning to our problem, let us express the frequency- 
function F (é, 7, 5) as a sum of two components: 


Peno = n, Fi (Gm. Duż, Ze (ё, 7 €) 
where m, and rm, are the factors depending оп the relative abundance 
of each distribution. Translating the origin ol the system ої coordi- 


nates to the centre of the whole distribution (а, b,c) and denoting 
the new coordinates by X, Y, Z, we hawe: 


Х = Ёё — а 
Y= 1 -- 5 
Z em B = (В 


+ о 
According to the definition, the integral Mi, = fff Xi Y! Ze FdXdYdZz 


is the central moment of the whole distribution, and the integrals 
-H o 
Жар == ПІР OŚ кра dE 
= 
-]- co 
NL eI ЖҮНГЕ dxdhadz 
— с 


ate the moments of the component distributions about the centre of 
the whole distribution (they are not central moments in relation to 
each of the component distributions). Thus we can write the relation: 


Mi = n, Мк + n, М (1) 


which is valid for all values of ijk, 


= 152 


Now, we shall represent the component -fnnctions F,, F, in the 
form of the ellipsoidal frequency - functions: 


415 
F, (X, Y, Z) = C, eth ЕУ, ІІ = EE i 
where. FA, Meng EE Me bye tage ла Tree 
-- 28, (Y—850 (Z— c) + 2B’, (2 ANE 2B 4c a) (ME bn), 
= A Ca ea, Cte AZ CD 
+ 2B" (Y¥—6,)(Z—c,) + 2B", (2—5) (X —a,) + 2B", O O E: 


The problem consists in the determination of 20 parameters, viz.: 
пу, hy — the total probabilities of each of the component distribu- 
tions, a,, бі, сү; 49, by, cz — the coordinates of the centres of the 
component distributions and the coefficients A’, .... В, A", .... B^, 
or instead of them the semiaxes and the directions of the axes of the 
ellipsoids defined by the equations: f, = const., fa = const. 

The relation (1) gives necessary number of equations. It con- 
tains the moments Л/,, Au which can be expressed through the 
unkown parameters, the moments Мұ, being known for a given di- 
stribution, We will now derive the relations between the unknown 
parameters and the moments Man, Min It is sufficient to do it for 
the first component-function only, the calculation for the second being 
quite analogous. 

3. Let the semiaxes of the first ellipsoid be o, o's, o's, their 
direction- cosines in the XYZ — system Mu, Wis v4; №, Wo, Va; 
Aa, Da Уз and the coordinates of the system referred to the prin- 
cipal axes of the ellipsoid — x,, y,, z,. We get the following for- 
mulae for the transformation of coordinates: 

X = a, + M X "ls Ms yi es Aa 24 
== b р d Wain ا‎ Ns 2i (2) 
Z = cC, + vix x Yayi F Yazi 
where 4). bi, c, denote as before the coordinates of the centre of the 
first ellipsoid in the system X, Y, Z. We shall use the following 
moments of the function F: 


+ оо 
Ain = fff X! Yi Zt F,dXdYdZ —ihe moments already used in the 
v system X, Y, Z. 


Jl ot = E (X — a,)i (Y — DH (Z — с): F,dXdYdZ — the central mo- 
ments in the X, Y, Z — system, 


Hk = ЛУ xj yi 216 Fı dx, dy, dz, — the central moments in the 
wę бй Ж 2, -wsystenti 


The moments of each kind can be easily transformed into another 
in the way previously shown. 

We shall first prove that the moments Mia of the higher order 
can be expressed by the moments of the same kind of the first and 
second order, and then deduce the relations between these moments 
aud the elements of the ellipsoid. 


Since the function F, agrees its simplest form in the xj, Jy, 2; — 
system, namely 

DY gx m eit c 

1 erbei ker 


Ру [Gw Yu 2101 = (жуз av, 6 кла IAR 


a 
т 


we шау compute the moments my, performing easy integrations of 
1 t? 


+6 


4f те 29° dt. MI the moments for which one of the in- 
— oo 

dices ;, j, k is odd vanish, the remaining ones ир to the fourth order 
are easily calculated: 


the type: 


Moy = 1 
/ ‚2 
Hh. == 51 
HL Leer 
, 9M Хо 
M оо mp 03 
, = D hd d A 
тш = ai) (3) 
Amas 4 

Min Eie 
ру ae 

, 1-TO.* 19 
M s = 94% 93 
em rm c ege 
/ Aa дй, 0 
Ша ЕЕ @ GH 


The moments N' can be expressed by the moments mo by 
means of the transformations given in $ 1. We get 


dów = 4 

N' == 0; 

ON a SZĄ 

Wine FE Gi 

Мо = а + 4,7072 + M? ost + N,* o? (4) 
Мы = By? F o ê st os? HF p's? 93 

Мы. = Gëf + vta! + АГА 

Na — b e ар a v os? 4 рУ 95 + ys Уз о 

Мы, == буа, | Y4 V0? 4E. YS Ns a? БУ NS os 


Й = Pye BR Pob APD Зо 
N' == a By M y oS Fo № расо? A's Wg сз. 


= gpl 


Computing in a similar manner the moments of the third and 
fourth order and applying the formulae (4), we obtain: 


NS ZS да, in к? ża” similarly ee Hai 
(i mms dé 9 ye / 
IN ex UWE d 2a, INE = 2a, b, n N dor? no 
Nes IV oss Nt 
etm / 7 
М = th Mi = b, NE Sp Cy Nr — 2a,b,c, (5) 
ГА / / 
N 400 — BIN ce SC 2а;* » AM , N 004 
A == QNS IV img 2a,’ b, » Nas , IN ud , 
No” MG AD 
1 A 
ДУ = N Мо ES УЛ = 26,2 e? » NS IN 
2 с d 
Мін cm Nom A a ZNA = 2а, b, €, » Nim М 


It is therefore evident that, supposing an ellipsoidal distribution, all 
the moments М”; can be reduced to those of the first and second or- 
der, On the other hand, the elements of the ellipsoid are defined by 
the moments N’;, of the first and second order: a theorem given 
by Charlier?) shows that the squares of the semiaxes of the ellip- 
soid c^,?, ec, 54? are equal to the roots of the equation: 


G (t) = My тт, ЛИ My, = О, 
aale: Mire =e My, (6) 
ZA, Mi M go: t 
and the direction-cosines are defined by the relations : 
i = м” = м” = H 
Gili) бай) Gs) УО, (5) F G*« (6) + G5 (t) 
м Rm |” d ЕЕ zm 1 - (7) 
а, (ts) Gs: Ф) Gis (fs) V G^, (&) + G*,, (t.) + G4, (£.) 
қ f Ды xa уз = 1 


Gils) Gel) Gel) LCE CTE 6) + OnG) 


where G,, G,,, G,, are the subdeterminants of G(f) The moments 


Aua which appear in the equation (6) are the central moments which 
can be easily expressed by the moments Na, e. g.: 


Mao = Мар, Мо, = Nou Вс). 
The validity of (6) and (7) can be proved directly from (4). 
Thus we have expressed the moments of higher orders A^, 
Mat by means of similar moments of the first and second order; 


1) С. V. L. Charlier. „The Motion and the Distribution of Stars". Berkeley, 
California, 1926. 
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on the other hand the elements of the ellipsoids can be computed 
from the same moments. Since 
HQ, ау, by, Go бү, 53, o, and three independent direction-cosines 


, ” D 


‘ 
Ny, 4, б, с, ES б; , б. ” » » 


can be replaced by 
n,, a,, Di сі, NS IMS А» ae ln Nam 
n,, 6;, 1 Ca, Аа, SS Ме. [М бур ? МУ > NAT. 

4. The relation (1) applied to the various values of the indices 
i,j,k gives an arbitrary number of equations useful to find the 
unknown quantities. We will write these equations up to the fourth 
order inclusively: 

0 order [I = 4, + m 
l-t , O=n,a,4+ ња, and 2 similar equations 
| Mogo = Мо F ЛЫМ” 00 


2.nd s ; „A ” x » » 
| Mon = Du an + MaN gn mf » » 
Мв = (8а, Мо 2a?) 4- п,(да„М”» у = 20) 
and 2 similar equations 
Maję = Aib N'oo + 2a, N' 119 — 2010,) + 
3-rd ” n + ДЫМ a dE 2a, N” y — 225b») 
| and 5 similar equations 
My, -от(а Мы + ON ve taNo — 2a,bąc,) Ss (8) 
| + па “o11 F № Cal 110 — 249069) 
| Мө = EN E o 20%) + (ANA — 2ad) 
| and 2 similar equations 
Мұ = "ӨМ М0 — 2aib,) + nz(3N "ago N 110 — 2а30;) 
| and 5 similar equations 
EET | Мә = A(N ech o0 224—205 с?) +- 
і + aN” oN ә + 2N"G,, —- 202 сё) 
and 2 similar equations 
| Man = PON san an 7 2,9 N19 — 2070161) + 
- (IN sos o r 2N ue ve 2а2с;) 
| апа 2 similar equations 


Since there are 20 unknown quantities it would seem natural to solve 
20 equations, preferentially those of the 0, 1-st, 2-nd and 3-rd order 
owing to their simple form. However, the 20 first equations are not 
independent; it can be easily shown that there are two relations 
between them. For this reason we shall include in our system of 


= کہ 


equations two independent equations of the higher order. The second 
difficulty arises from the fact that the real distribution deviates more 
or less from the ideal two-ellipsoidal distribution and the remaining 
relations are not satisfied by the roots of the chosen equations. 
Therefore the direct solution must be replaced by a least-squares 
solution of all equations having regard to their weights, as the equa- 
tions are not equivalent; since the moments are the means of the 
products of the successive powers of the variables x, y, z, we may 
attribute a greater weight to the equations of the lower order. These 
are the general remarks concerning the solution of the equations. 


5. The solution of the system of equations (8) is generally 
troublesome. The equations will be considerably simplified if we 
rotate the system of coordinates so as to bring the line joining the 
centres of the component distributions to coincidence with one of the 
axes, e. g. the X-axis. This can be done by turning the old XYZ — 
system twice: 1° — around the Z-axis by an angle Ө, in order to 
bring the line of centres into the ZX — plane. Denoting the auxi- 
liary system by X, Y, 2 and the moments by AM we get: 

X = Xcos0, + Ysin6, 
Y==—X sin O, + Y cos6, (9a) 
LAL: 
2° -- around the Y-axis by an angle ©, to obtain the coincidence of 
the line of centres with the X-axis. If we denote the coordinates and 
moments in the new system by X, Y, Z, Mi respectively, we find: 
X = Хсов0, — 2 біп 8, 
Y= Y (9b) 
Z = Xsin®@, 4+ Zcos®, 
Finally, the following relations subsist between the primary coordi- 
nates X, Y, Z and the new ones X, Y, Z: 
X = Xcos0, cos Ө, + Ysin O, cos Ө, — Zsin®, 
Y— —Xsin 9, + Y cos 0, (9) 
Z = Хсоз Ө, sin O, + Hang, sin O, + Zcos6, 
Using the formulae (9a), (9b), (9) we can express the moments re- 
_ lative to one system of axes by those of another. 

Since the centres of the component distributions lie on the 
X-axis, we obtain the following conditions: 
from the first rotation 5, = 5, — 0, 
from the second rotation c, == c, — 0 (evidently also b, = b, = 0). 


= R 


Thus, as is evident from equations (8), several moments in the new 


system are equal to zero, viz.: Ma, = Moy = М. == Mu = 0 and 
the remaining equations are considerably Simplified: 


l =n T h 
0 = n,dy + ha Oe 
Mao == т N'ao + Ma Мо ч 
and 5 similar equations for Моо, Moy, Moi, Mio, Miro 
М son = 7, (34, Моо — 27,3) + Se (325 М — 20) 
Me == n, 24 N по F 52 79 N" 110 ra 
and 1 similar equation for Mg, 
Мо == 710, Мо ++ ъй» № озо ТЕ 
and 1 similar equation for Mıos 
Му = пу Gy Na + 40 Ny 
Mano = F = [M (SN a0” = 2a,') + Ito ONES asi 2a") 
Mogo = M BN po? + a BN" aal = 
and 1 similar equation for Myo, 
Mys = == in ЗМ d Se 110 -|- Лә AN" 200 М” 110 
and 5 similar equations for Masi, Migs. Moar, М» Mors 
Moa = т, (N'oo Nues + 2N оу?) + t UN won М” өз + 2N Of 
and 2 similar equations for Mogo, Maso 
My = My (Моо Мо, + 2/0 Nuel + п» (М зоо Мо: + HN ueN il 
and 2 similar equations for Misr Myo. 


(10) 


The angles 0,, 9; can be determined successively from the conditions 
Mo = 0, My, = 0; using the formulae (9a) and (9b) we express the 
moment M, by the primary moments My, and the moment AM, by 
Mix, we obtain the equations: 
Mo tg O, — 3M.,,tg?9, + 8 M,„żgd, — My. = 0 
Ma EECH, М. 19/9, > 8M, £90, + Моз = 
from which 9, and ©, could be found. 
It is however desirable to obtain a simultaneous determination 
of the angles from four conditions: My, = Moog = My, == Mos = 0. 
in the system of equations (10) the number of unknown quan- 
tities is now reduced to 16: 
ДЫ. ię "een oon ies Ce E 
N” TE moze da A JE WARE 
To find them it would suffice to take into account all the equations 
up to the third order and two equations of the fourth order. The 


(11) 


it, 3 a, B 


ns, dy, 200 3 
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solution is in this case very easy. For example, we can express all 
unknown parameters by means of a, and а; from the equations of 
the 0, 1-51, 2-nd and 3-rd order. We get: 


E NM - M, ШЕ 
D = : NN'soo — Mogo — ea SS 3 ay (a, +a 3); N 020 == Mo =] , 
p i 2 
-, M, т TF M yy; 
N 002 "= Moos — т-ны AFA "en == Мон m Ce э 
= = us Myo (12) 
N ШИШЕ Mio — Ja, QN TOWN = Mio: | 2а, 
а өрт” М. 300 2 = = = yp M M 20 
ee ać N"s00 = M200 — da д Ga (@, + 46), N oso == Maan — Ge ; 
770 М ) MS M 
N 002 == Aan — 102 N 011 7 = Mai — Maris , 
GF M; 7 Ram 
N TOLE. Мәз» N ne Mino — 5 * 
2a, <a; 


Then, substituting in two equations of the fourth order, i. e. those 
containing the moments M,, and M,e, we obtain: 


a ЗМ 
ауа» — 55 34 TP 
З Моо — Мола) (13) 
b Мао. М» 
0, | dą — ШІ — Mogo Mio + M шо. Maw) . 
Mno \ 2a,.a, J 


We can also use all the equations of the fourth order and take the 
means of the values Q,4, апа a, + ds. 

The computation of a, aud a, and then of all the remaining 
unknown quantities from the relations (11) is quite simple, It may be 
remarked that as à, and à, are determined from a quadratic equation, 
imaginary solutions can occur. In this case the resolution of the 
given distribution into two ellipsoidal functions would be impossible. 
A similar case may occur by the computation of the dispersions 
бі,ба. Озо у б ло ШО the relations (7s 


6. Let us now consider а special case of the dissection, when 
component functions are circular, or Maxwellian functions: 


1 
А — xaX а) 4 (Yh) + (7 — с,)*] 
b IOS ZI ence лл ders 
леа DZE” „e rele a)? +- (Y —b,)* F (7 — с) 


Then the directions are undetermined and we can put A, =pa=v; — f; 
)", = о — V^, — 1, the remaining direction-cosines being zero. 


From (4) we get: 


Nao — Ą 97, Manz BF 07, N = ef 07, 
Nau == ба, Nun == 4101, Niro = 2,01 
М” == 93 + 97, Nay, = bj -E 079, Ме 627 07%, 
Nai = Beta, № о = 496, №цо db» 
since 
UL emos Scu. = OL oW Lov 

The system of equations (8) up to the third order gets the follo- 
wing form 2): 

I == m, -- пә 

0 = та, + пай 

0 = ті + nb, 

0 = me, + AC 

Ма = (3 + af) 4- nalo? + a2) 

Mogo — My (o? -p @ + (ср 55) 

Ae = т (8^ (7) + ną (6? -|- c5) 

Mor = Mbic, + пёс» 

Mio — Ma, C, + 0565 

Myo = абу + natab 

Aan == та, (36% kel + na (88° + a2) 

Moso = "6, (89? + b) + naba (39? + 02) (14) 

Моз = тс; (89? + сї) F лс» (397? c3) 

Maję = Mb, (6? + аў) + "ба (67? + a2) 

May = 1364 (o + а?) + Mle (9^? -|- a2) 

Мі = Ma, (0? + Kul + па» (07 + 52 

Му = те; (9? + Bf) + тоҙ (9? + 85) 

Mys = ma, (9° + Cf) + ma (07? Lei 

Moi = nb (3? + c?) + naba (07? -+ c?) 

Мі = Mabie, + naaabala 
These equations contain 10 unknown quantities : 


7 


EE бу POR 
b PA 
naga Op, саам: 


For resolving them the 10 equations up to the second order are not 
sufficient because there are two relations between them. We may add 
any two equations of the third order, or take all the equations of the 
third order and resolve the system by least-squares method. A direct 
solution of this case is given by Scigolev in his paper mentioned 


) cfr. a paper by Scigolev. Russian Astronomical Journal Vol. П. Pg. 1. 


SS = 


above. We will resolve the system applying a rotation of axes 
similar to that given above for the general case. From the conditions 


pose U OE CD жеттен 
from the equations of the 2-nd order: 

M,, = Mo = A = 0, My, = Moni (15) 
from the equations of the 3-rd order: 


011 


Moso = Moog = Mao == Meg, = Mor, = М, = М, = 0, Мы = М. 
The remaining equations are: 
I = n, + n, 
0 = na, + md, 
Mac: (2 z AD rz (07? 5 a2) (16) 
Мұ — 11,97 + Raf = Мо, 
Myy = 1010892,4 a) + nya (807? +. a) 
Myy = nyc? + majo 


” 


From these equations л,, @,, о; m,, а,, с” can be computed like 
in the general case. The angles Ө,, O, can be determined from the 
two conditions (15) of the second order, or from all of them by the 
least-squares method. 


Part II. 


The dissection of the distribution of the velocities of the 
F, G, K, M-type giants in two Maxwellian distributions. 


The observational data for 910 stars mentioned in the introduc- 
tion were collected from the following sources: 

1) Catalogue of equatorial components of velocities of 1470 
stars (Publications de l'Institut Astrophysique de Russie, Vol, Ш. Fasc. 11. 
Moscou, 1926), 

2) Catalogue of space velocities of 1488 stars (Bulletin de 
l'Institut Astronomique, N-o 11. Leningrad, 1925). 

Besides this, for more than 100 stars the velocity components 
were computed using the proper motions irom Boss' Catalogue, the 
Spectroscopic parallaxes given by Adams, Joy, Strómberg 
(Astrophysical Journal XLVI, LIII, LXIV) and the radial velocities from 
the Publications of the Lick Observatory, Vol, XVI. 

The principal axes of the ellipsoid derived by the method of 
Prof, W. Dziewulski were chosen as the axes of reference (,,first 
ellipsoid’), and the moments Na relative to the centre of the coordi- 
nates were calculated up to the third order. As a detailed description 


s = 


of these calculations is of little interest, I will mention only that space 
was divided in cubes of side of 8 km/sec and the velocity - vectors 
contained in the cubes counted; assuming for all vectors of each 
cube the coordinates of its centre, the moments, viz., the means of the 
products of successive powers of the components were reckoned. All 
stars having any velocity-component exceeding the limits 

on the £- axis, or the a-axis of the ellipsoid: from --72 km/sec to +72 km/sec 
rec ln anis,) AN а Ы: A "ge —56 2 » +56 , 
T REE оа аса и. Я Do. --40 " » +40 , 
were excluded. This reduced the number of stars used to 845. 

The moments of the first order are very small, since the system 
of coordinates was referred to the centre of velocities of all 910 stars. 
Introducing a new system of axes X Y Z by the translation indicated 
by the values of these moments, the new moments A; were calculated. 


М, M1 M,,, = — 5108,0! 
Мы = Mo) = Mo: = 0 Мұз = + 2595,44 
Ma, = < 516,79 Me Du vare 
= WAŻ: [eR 
Mos = + 180,49 ре енна а 
T Se E M. te ү л; 
Mp ee EE Mew ese 
My, = — 56,95 Мы = — 802,07 

My, == — 398,48 


М = + 6 

It may be concluded from this table that this material is too scanty 
for being resolved into two ellipsoidal functions, since the fourth 
order moments are not quite reliable. It is clear that any accidental 
irregularities in the distribution affect the moments the more (espe- 
cially those of higher order) the poorer the material used. Therefore 
I tried to resolve а less general problem, viz., to resolve the frequency- 
function into two Maxwellian functions, For this aim the moments of 
the 1-st, 2-nd апа 3-га order are sufficient. 

At the outset a single velocity-ellipsoid was determined by the 
method of Charlier'), using the moments given above up to the 
second order. Resolving the equation 


G (2) = | Moo — Ё М, МИ, | = Ux 
Mo Mozo Se Mo 
Myo Мон Мо» = 


9) C. V. L. Charlier. The Motion and the Distribution of Stars. Berkeley, 
California, 1926. 


Ld = 


1 obtained for the semiaxes of the ellipsoid: 
a = 23,04 km/sec, b = 16,92 km/sec, c = 13,43 km/sec 
and from the formulae 
Pp VP aj 1 
а oo o Go y GSP OS + GH; 


their direction - cosines. The galactic coordinates of the axes of the 
ellipsoid and their angles with the axes of coordinates are: 
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2 | m e 
a | 13°99 | 103°9 | 8993 a-axis: I = 344°6, b = + 3°8 
b | 762 | 13,9 | 915 Se EECH 
c | 904 | 881 | 20 c-axis: I = 285,9, b = +77,8 


This ellipsoid will be called „the second ellipsoid“. A difference in 
the directions of the axes of both ellipsoids is the consequence of 
the two methods of calculation being based on different suppositions. 
The first ellipsoid is adapted to the numbers of vectors in equal 
spacial angles and the second —to the numbers of vectors in a 
rectangular net of points. 

Afterwards | tried to find the two Maxwellian distributions. For 
this purpose the system of equations (14) was resolved by a method 
similar to that given by Scigolev in his paper mentioned above, 
using all the equations of the third order and treating them by the 
least-squares method. The results (in the XYZ - system) are: 


a, = --7,1 km/sec a, == — 40,6 km/sec 
b, = — 2 n b. xm Ar 12,0 ” 

с, = +- 0,1 » ӨЛ кездін. 0,5 » 
SENN 83 Wr WE 

o' — 13,8 km/sec бє сс? есеб 


This solution is of a provisional character only, because some of the 
calculated quantities had the small moments M,,, Mios М, іп the 
denominator. This is a consequence of the axes of coordinates being 
chosen so that the X-axis of the first ellipsoid is near to the line 
joining the centres of the component distributions. Therefore it 
seemed natural to resolve the problem by rotating axes of coordi- 
nates. The angles 0,, 0, determined by a least-squares solution of 
the conditions Мы = M, = M,,—0, Moo == М, are: 


©, — 13°9, ©, —0°8. 


The rotation of the system by these angles gives the following values 
of the moments which, according to the theory, must be zero: 


The moments of 2-nd order. The moments of 3-rd order. 
Da Segal Моо ==. — 9014,36 
My, == — 0,02 Мы = 816,25 
M. == + 0,01 б ло 
M, = — 122,48 
My == — _ 296,55 
Mo. == — 585,14 
MH ='-10217,20 


It can be seen that the moments of the second order satisfy the 
condition Ain == 0 very well, for the angles 0,, ©, were determined 
from the moments of the second order. Yet, the moments of the 
third order are rather large, but they have, as already mentioned, 
a small weight and are not convenient to be used for the determina- 
tion of the angles 6,, Ө,. 

The final resolution in the XYZ -system (whose origine 15 
situated in the centre of the whole distribution and the axes are 
parallel to those of the first ellipsoid) is: 


a, = -+ 14,51 km/sec a, = — 19,83 km/sec 
b, = — 859 , лесс ет RE. 
(Әкті 022 ر‎ D WO پو‎ 
m > OLY I EE S) 

a == 14,03 km/sec си = 6 78ekm/see 


Or, in the galactic rectangular system (x -axis in the ascending node 
of the galactic plane, y-axis at 1 = 90°) the coordinates of the 
centres of the two distributions are: 


a, = + 14,87 km/sec a, = — 19,15 km/sec 
AR=REPON" SM „= + 582 , 
OE ie ge MOP Co cr 8б» 


and the line joining the centres is directed toward the point whose 
galactic longitude and latitude are: 


| = 3445 = чу 


This line coincides very nearly with the great axis of the second 
ellipsoid. 


— O == 


Now, three frequency-functions are obtained: 
1) the first ellipsoidal function: 
c n? 


1 2 
F (6, n, ©) == 000001213 el los esa (27991 


2) the second ellipsoidal function: 


y* 


1 x? r M 2 
Р (x, у, 2) = 000001213 (оз * (16505 | ESCH 


where «x = — 0,78 + 0,9716 + 0.2394 
y = — 2,06 — 0,2396 + 0,9714 
z == — 0,49 +- £ 


3) two - Maxwellian function: 


Ғ (Ё, n, 9) = 0,57. 0,00002299 e 2 . (14,03)? 38 
__ (& + 18,55)? + (1 — 6,84)? + (£— 0,20) 
+ 0,48. 0,00001344 e 2 . (16,78)* 


In order to compare these functions with the observed distri- 
bution the numbers of vectors in the cubes were computed for every 
function and the differences ,observed-calculated“ were derived. 
Then the dispersions of O.-C. are: 


1) 0,80 
2) 0,79 
3) 0,76 


On the other hand a graphical representation of these functions for 
each coordinate was made. Integrating the frequency -function with 
respect to two coordinates we obtain respectively a Gaussian function 
or a sum of two such functions as the frequency - distribution of the 
remaining coordinate. These functions were represented graphically 
and compared with the observed distributions (Fig. 1, 2 and 3). 

From the diagrams as well as from computed dispersions of 
O.-C. we can conclude that the double - Maxwellian-function is 
somewhat more convenient for the representing of actual distribution 
of the velocities of the considered stars. 


The distribution of the 6 —, 7 —, 6 — velocity - components : 
the circles represent the observed distribution, 

the full line — the computed two-Maxwellian distributiou, 
the interrupted — the first ellipsoidal 
the dotted — the second ellipsoidal 
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Streszczenie. 


Zadaniem niniejszej pracy było zbadanie rozkładu prędkości 
swoistych gwiazd-olbrzymów o typach widmowych Р, G, K, M. Gwiazd 
tych o znanych prędkościach radjalnych, ruchach własnych i para- 
laksach zebrano 910; po odrzuceniu najbardziej szybkich pozostało 
645. Rozkłady rzutów prędkości tych gwiazd na 3 osie przedstawione 
Są na rys. l, 2, 3. Poza obserwowaną zwykle różnicą dyspersyj na 
3-ch osiach, któraby odpowiadała funkcji elipsoidalnej, zauważono 
znaczną asymetrję krzywej częstości, zwłaszcza na pierwszej osi. 
Nasunęło to myśl zastosowania funkcji częstości, złożonej z sumy 
2-ch funkcyj elipsoidalnych, mianowicie: 


SN 2.2) = Zdrada LZ) ie RUP ӨРДЕ 


1 
ау Се, EG WZ Л 
gdzie Л = А.Х —a)* + A/(Y —b)?+ А302 CO + 28, (Y-—b,) (Z— c,) + 
+ 2B/ (X — a,) (Z — 6) + 2B; (X a,) (Y A 


| 
У, AIC ege 202 
gdzie f, = A(X — a)? F ANTON — ba)? HAs (Z — с) F 2B,"(Y — 0) (Z — с) + 
4-2B,"(X за) (Z — 6) Виц La, (Y-5 b. 

W tym celu zostata opracowana metoda wyznaczenia parametrów 
tej funkcji dla uważanego rozkładu. Jest ona uogólnieniem prac 
Charliera i innych z tej dziedziny, polega na użyciu momentów 
rozkładu i zastosowaniu równania (1). Metoda ta, przedstawiona 
w części I tej pracy, jest wyprowadzona dla wypadku najbardziej 
ogólnego — 2-ch elipsoid dowolnie zorjentowanych. Zastosowanie zaś 
(część Il) znalazł przypadek szczególny — 2-ch kul, t. zn. funkcjom 
składowym Ру, А nadano następującą postać : 


1 В р we gäe? 
F, (eut Mf /2) — GE e 9511 — а) ae ОА) + (£ — cy) ], 

E Ka $ =p e 
Е YZ) H — gom UX — a.) if =) A coe: 


— Guia f 

Znalezione wartości parametrów dy, by, су, 6; Ga, Da, с, 5” 
podane są ostatecznie w układzie galaktycznym prostokątnym. 

Wyznaczoną w ten sposób funkcję dwukulistą porównano 
(rys. 1, 2, 3) z rozkładem obserwowanym obok znalezionej jedno- 
cześnie iunkcji elipsoidalnej, pojedyńczej. Ta ostatnia wyznaczona 
była 2-ma różnemi metodami. Jak widać z wykresów, funkcja dwu- 
kulista odpowiada nieco lepiej rozkładowi obserwowanemu. 


WLADYSLAW DZIEWULSKI. 


O ruchu gwiazd typu widmowego B. 


On the motion of stars of the spectral type B. 
(Komunikat zgłoszony na posiedzeniu w dniu 19.VI 1981 r.). 


For the study of the distribution of star velocities, 406 stars 
of the spectral type B with known spectroscopic parallaxes, radial 
velocities nad proper motions have been collected by Miss W. Iwa- 
nowska and their peculiar velocities calculated on the assumption 
that the speed of the solar motion is 20 km per second and its 
direction: © == 270, © = - 80, 

Considering exclusively this material, in fact rather scarce, the 
movement of the B-stars, as a whole, will be studied, It should 
be mentioned that the correction of radial velocities, resulting from 
the K—term, was left out of consideration. 

Assuming the coordinates of the galactic pole: a — 191°, 
д = + 27°, the galactic rectangular coordinates of stars were rec- 
koned and the plane of symmetry for the B-stars was determined, 
Building nine groups of stars the conditional equations were resolved 
and the inclination (i) of this plane to the galactic plane: i = 12°2 
and the longitude of the descending node (5) of this plane of sym- 
metry: б == 37°5 were calculated. The circle of the galactic lati- 
tude, passing through the point of the galactic longitude £ = 0°, 
intersects the plane of symetry in a point whose galactic latitude: 
b = + 7°5. 


Les us now consider the distribution of the peculiar velocities 
of the investigated stars. As in our previous investigations the three 
axis ellipsoidal distribution is considered. The sky was divided into 
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regions and the stars moving towards each region were counted. 
The following zones and regions were chosen as follows: 


1 топе from — 15° to -} 150 in Decl. and every 30? in R. A., on the whole 12 regions 


D. Соба Б sf" Fal IU. cd de sf. WT 
auty were «сірне Зое: Bees, mer 
IV tures пионери hor, debt deeg 6 
ғу bo? 2245 4201-75 IT E 
у DEM T STO Moor More preserves | es К 2 mi 
їйї ө їр eks 1096s eg foe fiw тете 


together 50 regions. Taking the regions of the zone І as unity and 
allowing for the inequality of the areas of different regions, the cor- 
recting factors for the number of the vectors in other zones were 
introduced viz. 1.16 for the zone Il and III, and 1.26 for the zone 
VI and VII. Accordingly the number of stars moving in the directions 
of these regions were multiplied by these factors. 


Let: Ax? + Ay? + A,z* + 2Byz + 2B,zx + 2B,xy + Н = о 


where x, y, z are the rectangular aequatorial coordinates, be the equa- 
tion of the velocity ellipsoid. For the 50 regions we get 50 equations, 
which we resolve by the method of least squares. When the con- 
stants are found, the axes (a, b,c) and their directions can be easily 
determined. 

The following table contains the coordinates of each region and 
the observed number of stars therein. After determining the constants 
of the ellipsoid we calculate the number of stars in each region and 
build the differences: Observ. — Calcul. For the direction of the 
axes of the velocity ellipsoid we get in the galactic coordinates: 


а — axis : | = 6 b= + 74 
b — axis : l =: 264.3 b= -- 83 
€ -— axis : / = 105.1 — + 77.6 


and for the ratios a PO ; Lae 0.81, £ — 0.68. 
a a a a 


The direction of the greatest axis shows the favoured directions 
of the star movements. The calculated direction (/-- 0°, b= + 7°) 
is situated nearly in the plane of symmetry. 


EXC m 


ima bile. 
Coordinates Number of stars 
Zone | Region = ORG, 
a б Observ. Calc. 
0 0 

І 1 9.0 + 5.1 3 6 3 
- 2 46.6 + 15 4 8 — 4 
5 A 78.9 + 2.3 4 12 — 8 
5 4 101.4 + 3.6 13 16 — 8 
A 5 136.3 + 8.1 10 9 + 1 
6 БИШ) | = mE 8 6 -- 2 

5 D 197.6 — 46 4 6 D 
8 8 226.2 — 12 6 8 -- 2 
n 9 253.2 = 1.1 19 12 + 7 
e 10 285.3 0.0 11 15 4 
11 318.8 - 1.0 6 9 8 

е 12 341.0 - 5.0 3 6 8 
П 18 17.5 + 22,2 6 fi 1 
` 14 42.2 -|- 28.1 12 9 + 3 
s 15 77.6 | -|- 34.0 17 13 + 4 
е 16 103.2 -|- 32.7 10 12 — 2 
17 132.6 -|- 29.7 17 8 + 9 

H 18 168.3 - 31.5 8 5 + 8 
: 19 196.5 - 30.4 13 5 + 8 
: 20 224.0 | + 23.7 6 if — | 
; 21 256.8 -+ 25.6 22 11 + 1] 
» 22 287.6 -L 29.7 20 13 + 7 
^ 28 315.5 -L 30.5 14 iil -- 8 
» 24 347.1 + 32.2 10 8 -- 2 
IH 25 18.8 - 92.7 2 5 3 
= 26 46.2 | —27.5 5 A - 2 
» | 2% 78.0 - 33.6 5 10 — 5 
" 28 109.3 - 81.5 8 12 — 4 
» | 2%) 133.0 -- 30.9 15 11 + 4 
pd lege 166.5 | — 29.1 14 8 Le 
» 31 198.8 — 31.2 6 8 2 
E 32 227.4 29.0 14 10 + 4 
; 33 259.9 30.0 19 13 + 6 
S 34 288.7 27.6 6 12 — 6 
: 35 БЕ 2 - 81.8 2 8 6 
» 36 344.8 - 24.0 2 6 — 4 
IV 37 38.6 + 68.6 10 9 1 
38 88.5 +- 60.1 D 9 — 2 

: 39 149.3 + 59.8 y 6 + 1 
: 40 214.1 - 58.2 6 6 0 
41 274.0 + 52.7 9 9 0 

42 383.6 + 55.8 7 9 — 2 

V 43 29.0 - 60.5 1 6 5 
5 44 91.5 - 68.8 1 8 == if 
40 148.8 — 06.5 9 9 0 

46 210.6 — 58.6 11 9 + 2 

d 47 269.6 -- 56.5 16 9 + 7 
" 48 333.4 - 63.5 1 9 — 8 
VI 49 43.4 + 85.9 8 8 0 
VII 50 78.3 -- 84.8 8 7 -+ 1 
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Taking now this symmetrical plane as the £v plane, let us 
direct the &-axis to the point with galactic coordinates: / = 0°, 
b = + 7°, the maxis perpendicular to it, in the direction of the 
increasing galactic longitudes, and the £- axis perpendicular to ёл plane. 
The coordinates of all stars and the components of their velocities 
(u, v, w) were calculated with reference to this system. The coordinates 
are expressed in parsecs. Four stars, whose peculiar velocities exceed 
80 km/sec, were excluded. We have thus on the whole 402 stars. 

Let us investigate the distribution of the velocities in the & plane. 
Considering first the movement of the stars relatively to the £- axis, 
which corresponds, as we have seen, to the favoured direction of 
star movements, we take three groups of stars according to the values 
of their coordinates, namely: 

+40<& —60<&<-+40 &« —60 
and consider for these groups the velocities of stars in two directions, 
where the z component are positive and negative. We receive 
the following results: 


— 60 < 6 < 40 Beet A DP 


+0<$ 


Number Veloc. Number Veloc. Number Veloc. 
of stars km/sec of stars km/sec of stars km/sec 


ИЕ. 

component 

positive 101 IA 69 17.3 44 16.3 

negative 39 14.8 54 16.1 95 17.6 
We take now only the и — components of the velocities of 


stars and receive: 


+40 < E Lec LOU 
Number Veloc. Number | Veloc. Number Veloc. 
of stars km/sec of stars | km/sec of stars km/sec 
и — 
component | 
positive 101 |o 1148 69 + 10.8 44 + 10.5 
І negative 389 = (540) 54 — 16.8 95 = 10.7 


The character of these velocities is analogous. 
We divide now the stars into groups with reference to the 
т — axis. Including to the first group all stars, whose 7 — coordinates 


= م 


are less than + 40 parsecs and to the second the remaining ones, 
we receive the following results : 


N < + 40 | n >+- 40 
u — component Number Veloc. Number | Veloc. 
of velocities of stars kin/sec of stars Ж km/sec 
positive 84 15.9 | 18.1 
negative NE? a ін be eg 


Considering the distribution of the velocity-vectors along the 
&- axis, we see that the average velocities increase or decrease, the 
u— component being positive or negative. 

The collected material of the peculiar velocities of the stars of 
B-type is unfortunately too scarce to permit of any reliable conclusions. 


Streszczenie. 


Material obserwacyjny obejmuje 406 gwiazd typu widmowego В, 
dla których P. Wilhelmina Iwanowska wyliczyła ruchy swoiste, 
przytem w prędkościach radjalnych nie uwzględniono poprawki, zwią- 
zanej z wyrazem Қ. Mając spółrzędne gwiazd w układzie drogi mlecznej, 
szukano płaszczyzny symetrji układu gwiazd typu B. Płaszczyzna ta 
jest nachyloną do płaszczyzny drogi mlecznej pod kątem 12.2, 
a długość węzła zstępującego wynosi 879,5. Na powierzchni sklepienia 
niebios uwzględniono 50 obszarów i zbadano rozkład wektorów 
prędkościowych, skierowanych do tych obszarów. Zastosowano rozkład 
elipsoidalny, wyznaczono kierunki osi elipsoidy oraz stosunki długości 
tych osi, wreszcie obliczono rozkład teoretyczny. WIE zawiera 
podana tablica. 

Kierunek wielkiej osi elipsoidy leży praktycznie w płaszczyźnie 
symetrji. 

W płaszczyźnie symetrji skierowano os E do punktu, którego 
spółrzędne gałaktyczne wynoszą: 1 = 0°, b = + 7°, oś ņ w tejże 
płaszczyźnie o 90° w kierunku wzrastających długości, oś € prosto- 
padle do płaszczyzny symetrji. Przeliczono spółrzędne gwiazd i ich 
składowe prędkości w nowym układzie osi i badano rozkład prędkości 
gwiazd z jednej strony w różnych grupach, utworzonych wzdłuż osi ё, 
z drugiej strony w odniesieniu do osi y. W rozkładzie wzdłuż osi E 
daje się zauważyć pewien bieg. Niestety, material obserwacyjny 
jest zbyt szczupły. 


WLODZIMIERZ ZONN. 


Obserwacje fotograficzne gwiazdy zmiennej RZ Cassiopeiae. 


Photographic observations of the variable RZ Cassiopeiae. 
(Komunikat zgłoszony przez czł. Wł. Dziewulskiego na posiedzeniu w dniu 19.VI 1931 r.). 


This star was announced by Müller!) іп 1906 as a variable 
of the Algol type. lts elements”) are following: 


Mun. == 2417355.4200 + 1.1952525 Е 


The observations were made in 1930: on February 27% and on 
August 30'^ They consist of extrafocal observations, made with 
a 150 mm Zeiss-triplet with a wire screen; the grating was made of 
parallel wires: the diameter of the wire and the spacing between the 
wires were nearly 0.8 mm. The time of exposure was 10—15 minu- 
tes; the plates Lumiere Opta were developed with Rodinal (1: 20) 
during 10 minutes. 

During these two nights 40 exposures were made on 10 plates. 

The blackness of the images was measured with a Hartmann 
microphotometer. Each plate was measured twice. The blackness of the 
area adjacent to the image of each star was also determined in order 
to account for the lack of homogeneity of the plate. The results of 
measurements were reduced by the well known method of Schwarz- 
schild, modified by Hertzsprung*) The value of the constant 
of the grating was determined empirically to 07-90, the theoretical 
value being 0498, 

Table І gives the comparison stars. The photographic magnitu- 
des were taken from the Henry Draper Catalogue. For each photo- 
graph a brightness curve was drawn, the magnitudes of the compari- 


1) Astronomische Nachrichten. Bd 171, p. 357. 1906. 
9 Kat. und Eph. der veränd Sterne. 1930. 
3) Astronomische Nachrichten. Bd 186, p. 177. 1911. 
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son stars and of RZ Cassiopeiae were derived. Then from all the 
plates the magnitudes of the comparison stars, received with the 
Zeiss-triplet, were calculated. These values are given in table I. 


Table 1. 
Comparison stars. 


+ 70° 182 15472 7.8 7.93 
66 219 15648 8.1 8.26 
67 215 15784 {11 7.10 
66 223 15849 7.71 7.76 
67 217 16066 8.0 ӨЗ 
69 171 16393 8.0 7.51 
67 224 16769 5.90 6.19 
68 208 17929 8.7 8.06 
68 209 18056 8.1 8.19 
68 212 18267 8.0 8.24 
69 203 19906 oll 7.78 
69 205 20273 6.68 6.72 


It is seen that the magnitudes of the stars: B. D. + 69171, 
689208, 679224 greatly differ from those of H. D. Catalogue. The 
magnitudes of two first stars probably are determined inaccurately in 
Н. D. Catalogue, the last one (B. D. + 679224) was too bright on 
our plates and therefore its measurement was rather uncertain. 

The magnitudes of RZ Cassiopeiae were derived from the system 
of magnitudes, determined at Wilno. Table II gives the mean moments 
of each exposure, calculated from the minimum, and the calculated 
magnitudes of RZ Cassiopeiae. 


Table 11. 
Ne Mean moment Time of 
Dale of the plate | of the exposure n exposure 


1930 
IL27 241 EOE: 6.71 15™ 
15 00 6.86 15 

= 1-00) @ ën 15 

249 — 0 40 00 7.48 15 

25 00 7.96 15 

— 0 10 00 8.23 15 

243 4-0 10 00 8.20 15 

22 30 7.90 10 

35 00 7.60 15 

244 + 0 55 00 7.26 15 

3C 10 (10 7.07 15 

25 00 6.86 15 

245 +1 45 CO 6.53 15 

+ 2 00 00 6.50 15 


2—98 = 


No Mean moment Time of 
Date of the plate of the exposure Ш exposure 
V1IIL.30/31 337 AEE 6.53 12m 
-- 2 00 23 6.56 12 
-= || 48 28 6.48 12 
36 23 6.77 12 
24 28 6.88 12 
1 12 28 7.01 12 
338 — 0 58 21 7.82 12 
46 21 7.97 12 
SA m 7.52 12 
DON 7.15 12 
— 0 10 21 7.86 12 
339 +0 03 42 7.97 1% 
IS 20) 7.84 12 
27 42 7.69 12 
39 42 7.43 12 
+0 51 42 7.20 12 
+ 1 08 42 7.02 12 
340 i AS 6.80 12 
29 45 6.66 12 
41 45 6.50 12 
+ 1 53 45 6.40 12 
+ 2 05 45 6.45 12 | 


Fig. 1 gives the light curve for two days of observations (Civil 
M. Т. Greenwich). The light varies during 3530». The curve is 
symmetrical and has a sharp minimum. The highest magnitude of 
RZ Cassiopeiae is 6™5, whereas the minimum is 7™98 and 8722 
according to my observations. The mean error of each observation 
amounts from 0704 to 0710. In some cases a large mean error was 
probably due to the fact that the comparison stars were very faint 
on the plates and their measurement rather difficult. 


d E (Fig. 1). Ы S 
The moments of the two heliocentric minima (Astr. M. T. 
Greenwich) are given in the table below: observed and calculated with 
the elements given above: 


Epoch DOS: Ho DL. Calle, Obs. — Calc. 
7262 2426035.349 2426035.3437 -]- 0.0053 
7416 2426219.418 2426219.4125 + 0.0055 


The observations give a correction to the calculated minima. 
On the other hand it follows from the investigation of Hellerich1), 
that the period of variability of RZ Cassiopeiae is not constant but 
subjected to oscillations. Fig 2 shows the corrections to be applied 
to the observations of different authors. All the corrections were 
calculated with the elements given above. It is obvious that the cor- 
rections, following from the Wilno observations (indicated by crosses), 
fit well to this curve. 


- 2000 o *2000 -іюса +6000 +8000. E 


(Bie 2), 
1) Astronomische Nachrichten. Bd 238, p. 134. 1928. 
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Streszczenie. 


Zapomocą astrokamery (o średnicy objektywu 150 mm.) dokonano 
dwóch seryj zdjęć gwiazdy zmiennej RZ Cassiopeiae w tym czasie, 
gdy gwiazda osiągała minimum swego blasku, a mianowicie 27 II 1930 
i 30 VIII 1930. W czasie zdjęć przed objektywem umieszczano siatkę 
z drutów równoległych (grubość drutów i odstępy między niemi wyno- 
siły około 0.8 mm.). Stała siatki wynosiła 0™.90. Zdjęcia trwały 
od 10 do 15 minut. Uzyskano w sumie 40 zdjęć na 10 kliszach. 

Zaczernienia obrazów na kliszach mierzono zapomocą mikrofoto- 
metru Hartmann’a; materjał obserwacyjny opracowano zapomocą 
metody Schwarzschild’a i Hertzsprung'a. 

Tablica I daje listę gwiazd, użytych do porównania, wraz 
z wielkościami gwiazd, wyprowadzonemi w Wilnie, a opartemi na 
wielkościach katalogu harvardzkiego. Tablica П podaje materjat obser- 
wacyjny i wyprowadzone wielkości gwiazdy zmiennej z każdego zdjęcia. 

Rysunek 1 daje krzywe zmian jasności w ciągu 2 wspomnianych 
nocy. Jasność RZ Cassiopeiae wynosi w maximum 6™.5, a w mini- 
mum otrzymano raz 77.98, za drugim razem — 8.22. Na podstawie 
krzywych zmian jasności wyprowadzono momenty, kiedy nastąpiło 
minimum. 

Z badań Hellerich'a wynika, że okres zmienności ulega 
wahaniom. Rys. 2 daje przebieg obserwowanych zmian długości 
okresu. Obserwacje wileńskie, oznaczone krzyżykami, odpowiadają 
dobrze zaobserwowanemu zjawisku. 


WLODZIMIERZ ZONN. 


Obserwacje fotograficzne zmian jasnosci planetoidy Eros. 


Photographic observations of the variability of light 
of the minor planet Eros. 


(Komunikat zgłoszony przez czł. Wł. Dziewulskiego na posiedzeniu w dniu 19.VI.1931 г.) 


During the łast opposition of Eros the weather at Wilno was 
very bad and only two somewhat longer sets of observations succeeded: 
viz. on 1931 January 233 and February 10%, At that time the altitude 
of Eros was unfortunately not very great, the planet going then from 
the northern to the southern hemisphere; therefore the observations 
could not persist for a longer time. 

The observations were made with a 150 mm Zeiss - triplet. 
They consisted in extra-focal photographs of Eros, the exposures 
being 10 minutes. As Eros has a rapid motion, the images of stars 
were not sharp, therefore from time to time the photographs of stars 
were made, and one of the stars lying near to Eros was chosen as 
a guiding star. The whole material of observations consists of 29 
exposures of Eros and 18 exposures of stars on 9 plates. For the 
determination of the magnitudes of the comparison stars special ex- 
posures with a wire grating were made later, viz. two exposures on 
the 34 and 20% of March 1931, corresponding to the first series of 
observations, and two others on the 17% and 19% of March 1931, 
corresponding to the second series. The time of these exposures 
was two hours. 

The plates Lumiére Opta were used; they were developed with 
Rodinal (1:20) during 10 minutes. The blackness of the images was 
measured with a Hartmann microphotometer. Each plate was measured 
twice. 

The four plates with the comparison stars were reduced by the 
method of Schwarzschild and Hertzsprung. As starting 
point the photographic magnitudes of Henry Draper Catalogue were 
taken. The following magnitudes were received. 
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The photographic magnitudes of the comparison stars being 
determined, the relation between the blackness of the images and 
the magnitudes of stars was represented graphically. As the exposure 
of Eros took place between those of comparison stars, its magnitude 
was determined from the two successive curves expressing this rela- 
tion, an interpolation, being used, if necessary, for the moment of 
the exposition of Eros. The results are given in the following figu- 
res (in mean civil Greenwich time): 


49353 | 91547 | 10.1 9.98 | | 
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From the curves the moments (Astr. M. Greenwich time) of mi- 
nima were found: 
J. D. 2426365.519 
365.631 
J. D. 2426383.531 


The elements of Jacchia and of Müller being: 


Müller: m 2426266.4235 + 0.219711 E 
mz == 2426266.6108 + 0.219555 E 
Jacchia: m, = 2426266.488 + 0.21959 Е 
ma == 2426266.607 + 0.21959 E 
the following table gives the comparison with the elements of M ül- 
ler and Jacchia. 


Epoch 


Observ. Calc. | О. — C. | 


451 2426365.519 2426365.513 + 0.006 m, Müller 
.523 — 0.004 m, Jacchia 
451 365.631 365.630 + 0.001 m, Müller 
.642 — 0.011 m, Jacchia 
533 383.531 383.529 - 0.002 m, Müller 
029 + 0.002 m, Jacchia 

Streszczenie. 


W czasie ostatniej opozycji Erosa (w zimie 1930/31) pogoda 
w Wilnie nie dopisywała. Udało się zdobyć zaledwie dwie serje 
dłuższych zdjęć: w nocy z 23 na 24 stycznia 1931 r. i w nocy z 10 
na 11 lutego 1981 r. Zdjęcia pozaogniskowe Erosa, dokonane astro- 
kamerą Zeissa, trwały po 10 minut. Ponieważ ruch Erosa był 
znaczny, przeto w tym czasie obrazy gwiazd już cokolwiek przesu- 
nęły się. Wobec tego co pewien czas dokonywano zdjęć gwiazd 
i prowadzono wówczas astrokamerę na gwieździe, leżącej w pobliżu 
Erosa. Materjał obserwacyjny składa się z 29 zdjęć Erosa i 18 zdjęć 
gwiazd na 9 kliszach. 

Aby wyznaczyć wielkości gwiazd porównania, dokonano zdjęć 
tych okolic, gdzie znajdowała się planetoida Eros w wymienionych 
dwóch nocach, poprzez siatkę, umieszczoną przed objektywem; dla 
pierwszej бегі wykonano zdjęcia З i 20 marca 1931 r., dla drugiej 


ZE = 


serji — 17 i 19 marca 1931 r. Zdjęcia te trwały po dwie godziny. 
Po opracowaniu tych zdjęć, za skalę odniesienia przyjęto wielkości 
z katalogu harvardzkiego i wyznaczono wielkości, otrzymane astroka- 
merą wileńską. Dwie tabliczki zawierają wielkości gwiazd porów- 
nania. 

Na podstawie wyznaczonych wielkości gwiazd porównania szu- 
kano graficznie związku pomiędzy zaczernieniem gwiazd na kliszach, 
na których były zdjęcia Erosa, i wielkościami gwiazd. Ponieważ były 
zawsze zdjęcia gwiazd zarówno poprzedzające zdjęcia Erosa, jak 
i następujące po nich. stosowano interpolację, by znaleźć wielkości 
Erosa. Na rysunkach punkty przedstawiają otrzymane wielkości foto- 
graficzne Erosa. Poprzez te punkty przeprowadzono krzywe, które 
pozwalają odczytać momenty, gdy następowało minimum jasności 
Erosa. 


WŁADYSŁAW DZIEWULSKI, WILHELMINA IWANOWSKA, 
WŁODZIMIERZ ZONN. 


Obserwacje zmian jasności planetoidy Eros. 


Observations of the variability ot light of the minor 
planet Eros. 


(Komunikat zgłoszony па posiedzeniu w dniu 19.VI 1931 r.). 


During the winter 1930/31 the regular observations at Wilno were 
hardly possible as the weather was very bad. Eros could be obser- 
ved for the first time on January 224 1931, then on January 234, ' 
29%, February 94 and 9%, later the observations had to be interrup- 
ted, as the minor planet was passing rapidly to the southern hemis- 
phere. The observations were made with the 150 mm short focus 
refractor (the magnifying power: 20), the brightness of Eros being 
compared with that of comparison stars. The set of observations of 
every observer was reduced separately and represented graphically. For 
each light curve the moments of maxima and minima were determined. 

The following moments in J. D. (M. T. Greenwich) were found: 


1931 Maximum Minimum Maximum Minimum 

22 II 2426364.542 Iw 
2426364.479 Dz 364.588 Dz 
23 I 2426365.469 Iw 2426365.514 Iw 2426365.575 Iw 2426365.642 Iw 
365.507 2 365.574 Z 365.637 Z 

25) II 2426365.698 lw 
29 I 2426371.492 Dz 2426371.564 Dz 
3 II 2426876.461 Iw 2426376.497 Iw 2426376.550 Iw 2426376.607 Iw 
376.447 Dz 376.510 Dz 376,574. Dz 376.616 Dz 
376.447 Z 376.503 Z 376.554 Z 376.611 Z 
9 II 2426382.483 Iw 2426382.556 Iw 
2426382.422 Dz 882.475 Dz 382.550 Dz 

9 II 2426382.597 Iw 


382.608 Dz 
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Streszczenie. 


W czasie zimy 1930/31 pogoda w Wilnie była bardzo niepo- 
imyślną, dlatego też dokonano stosunkowo niewiele obserwacyj, do- 
tyczących zmian jasności planetoidy Eros. Dłuższą serję obserwacyj 
uzyskaliśmy w czasie nocy 22, 23, 29 stycznia, 3 i 9 lutego 1931 r. 
Obserwowaliśmy lunetą krótkoogniskowa o średnicy objektywu 150mm. 
Obserwacje, polegające na porównaniu jasności Erosa i wybranych 
gwiazd porównania, opracowaliśmy dla każdego obserwatora nieza- 
leżnie. Otrzymane krzywe przebiegu zmian jasności pozwoliły ustalić 
momenty maximum i minimum, które zestawiono w załączonej po- 
wyżej tablicy. 


WLADYSLAW DZIEWULSKI. 


Obserwacje gwiazdy zmiennej s Aurigae w czasie 
minimum w okresie 1928 — 1980. 


Observations of the variable star = Aurigae during 


the mininum 1928 — 1930. 


(Komunikat zgłoszony na posiedzeniu w dniu 19.VI. 1981 r.) 


55 observations were made by means of a Zeiss binocular with 
6-fold magnification since April 26% 1928 until Mai 34 1980. As 
some observations were made in small altitudes, a correction for the 
extinction was applied by means of the Potsdam tables. 

Table I gives the comparison stars used in the observations; 
it should be noted that the star y Persei served only once as comparison 
star, the brightness of the stars were taken from the Draper Catalogue: 


Table I. 
Desing. Star Magn. 
т Persei 3.08 
Т) Aurigae 3.28 


5 Аигірае 3.94 
У Aurigae 4.18 
D Aurigae 4.28 


a 
b 
с 
а 
Е 


Table II gives the observations, viz. the moments of observations, 
expressed in J. D. (M. T. Greenwich), the comparison stars and the 
brightness, calculated in steps and then converted into magnitudes. 


(23.1) 
USL) 
10.7 

200 
0.0 


осы 


Table II. 
J. D. (M.T. Green- | Comparison : | 
wich) stars Magn. 
2425363.31 b, с 3.45 
368.39 a, b 3.36 
561.27 c, d 3.84 
562.25 c, d 3.84 
568.22 € d 3.89 
589.80 e, dl 3.94 
599.18 SE 3.92 
618.24 c, å 3.94 
619.20 c, d, e 3.94 
620.17 с, d, e 3.94 
624.17 c, d, e 3.94 
635.19 c, d 3.94 
642.19 c, d, e 3.99 
643.19 c, d 3.99 
644.20 6,4! 3,99 
648.21 с. d 3.99 
654.21 NE 4.04 
682.27 e, al 4.04 
714.29 €; d, e 4.05 
715.30 c, d, e 4.05 
734.31 с, а, е 4.09 
744.37 c, d 4.06 
870 37 ©. l 3.92 
871.27 @ al 3.92 
872.35 cd 3.92 
874.29 e al 3.90 
892.28 (е, @ 3.84 
897.24 jp @ 3.73 
903.22 |р, © | 3.68 
909.26 DAC | 3.68 
969.27 DG | 3.52 
982.15 | io, © 3.00 
985.25 b, c 3.50 
996.20 b, © 3.55 
999.21 b, c 3.52 
2426000.26 b, € 3.50 
015.25 in, © 3.50 
030.28 b, c 3.50 
035.36 ІМ, © 3.50 
052.28 Іш, (6 3.45 
057.31 h © 3.45 
058.38 b, e 3.45 
059.29 DJE 3.50 
066.29 b, c 3.45 
067.27 b, © 3.50 
074.30 EG 3.47 
080.34 5, © 3.45 
082.36 b, © 3.46 
085.35 ІШ, © 3.46 
088.32 b, с 3.51 
092.36 b, © 3.47 
094.32 b, c 3.48 
097.35 by © 3.48 
100.35 l © 3.48 


SCM 


As the observations in 1929 were interrupted on Mai 12% (near 
the minimum), itis difficult to calculate exactly the moment of minimum. 
It seems to be near to the J. D. 2425734. 


Streszczenie. 


Obserwacje gwiazdy zmiennej e Aurigae, wykonane lornetką 
Zeissa o sześciokrotnem powiększeniu, obejmują okres czasu od 
28 IV 1928 do 3 V 1980. Tablica I zawiera gwiazdy porównawcze, 
tablica П materjał obserwacyjny. 


